Abstract
with modification is still used today (e.g. Hromadka, 1994; Plate, 1988) .
9
A step further has been the first attempt of a spatially distributed hydrological model by Ross (1921) . In his 10 approach, the catchment was split up into zones of equal travel times to the catchment outlet, and runoff production 11 is calculated for each area, dependent on the antecedent conditions and rainfall rates. The resulting time-area 12 diagrams represent the delays for runoff from each part of the catchment. Similar concepts have been introduced 13 by e.g. Zoch (1934) or Clark (1945) and are still included in current distributed hydrological model systems.
14 While it has been long known that flow velocities change in a nonlinear way with flow rate or flow depth, the runoff generated within the catchment by a stationary time distribution that has not necessarily any direct link to 27 a particular location. The principle idea of the method is that assuming a linear routing procedure, this distribution 28 could be normalized to represent the response to a unit of runoff production, or effective rainfall, generated over 29 the catchment in one time step. In other word, the UH represents a discrete transfer function for effective rainfall 30 to reach the basin outlet, lumped to the scale of the catchment. The UH has been one of the most widely employed 31 hydrological modelling techniques to predict rainfall-runoff behavior of hydrological catchments, and is still used 32 in current generations of hydrological forecasting systems {see e.g. Samaniego, 2010; Michel, 2003) .
33
Given the importance of the UH in the historical development of rainfall-runoff models, and the fact that its basic 34 principles are still included in current spatially distributed hydrological models, the UH is an important subject in 
11
contributing to catchment runoff did not seem to make any difficulties, it was in particular the interpretation of the 12 UH within a hydrological system context and its use as a prediction tool that were identified as critical areas.
13
In addition to the standard slide presentation of the theory, we decided in the winter-semester 2016/17 to 14 additionally visualize the concept of the unit-hydrograph, its underlying assumptions and the linear routing 15 principles in a lecture theatre experiment. In our experiment, students and the location they were sitting represented 16 a hydrological catchment in the lecture theatre, and they were actively involved in routing an effective precipitation 17 event to a fictive runoff gauge in the room. This gauge was "monitored" over time and the resulting runoff data 18 was visualized in an illustrative way.
19
The setup of this experiment, the material required and its preparation as well as variants of the experiments and 20 possible follow-up discussions to interpret these experiments will be described in some detail in the following. The following steps were implemented to realize an experimental illustration of the UH principle in a lecture 10 theatre. The experiment took about 25 min including all instructions, explanations and some basic discussions. It 11 will be shown later (section 2.3) that different variants of the experiments can be performed to focus on further 12 aspects of catchment rainfall-runoff behaviour so that the experiment including discussions can be easily extended 13 to 90min. The experiment uses very simple and cheap materials that were easily available in any department store.
14 Overall costs were in the range of €30,-.
15
Step 1 (ball preparation):
16
An effective precipitation of 1mm is realized using differently colored plastic balls. A short piece of magnetic 17 stripe was glued to each ball so that they could be tacked to most of the lecture theatre and seminar room 18 white/black boards. Figure 2 illustrates a prepared ball and its use at the white/black board.
19
Step 2 (defining the catchment):
20
The "size" and the "form" of the catchment is defined by the positioning/seating of the individual students in the Hydrol 
13
Step 3 (routing rules):
14
The routing of the effective precipitation within the catchment has to follow some rules in order to generate runoff.
15
To mimic some real catchment behavior, each student has to transport her/his 1mm of effective precipitation water 16 package towards the outlet. A simple routing scheme that is easy to explain and to execute is sketched in Fig. 2 , right).
2
Step 4 (hydrograph representation):
3
With each time step, a different number of water packages (balls) are collected/sampled at the catchment gauge. 
13
The UH illustrated in Fig. 4 is the result of a specific lecture theatre setting including the form of the catchment 14 defined by the positioning of the students in the lecture theatre (see Fig. 3 ) and the rules formulated to route the 15 effective precipitation through the catchment. The basic experimental setup as described in section 2 can be 16 extended in various ways to illustrate i) the basic principles behind the unit-hydrograph, and ii) a number of 17 additional factors that have a significant control on the generated hydrograph, such as the catchment terrain, the 18 surface conditions and dominant runoff components, for example surface runoff or subsurface stormflow. The three principle underlying the UH are stationarity, linearity and superposition of runoff generated by different 21 events (Fig. 1) . number of balls per student, again resulting in a doubling of the runoff in the generated hydrograph. The second 1 variant will obviously provide a more vivid illustration of the principle of linearity; however, it will require more 2 resources in terms of number of balls and more experimental execution time, which might be more limiting given 3 any lecture setting. The principle of superposition can be illustrated by considering two independent precipitation 4 events, each producing e.g. 1mm of effective precipitation. The different precipitation events can be labeled by 5 using differently colored balls (e.g. yellow and blue). While the first precipitation event will take place at the first 6 time step, the second event will have a time delay of some steps. Figure 5 (right) shows the superposition of the 7 two events (each 1mm of effective rainfall) and the resulting hydrograph.
8
As mentioned earlier, the unit hydrograph does not explicitly link any runoff generation to a specific location in 9 the catchment. We here used an explicit setting to illustrate the principles of the UH -each explicit setting or form 10 of a catchment and routing scheme will produce a specific hydrograph. The experiment in Fig. 5 provides a good 11 opportunity to discuss this fact with the students. This point could be illustrated by designing a second but different 12 experimental setting (form and/or routing scheme) that leads to the same hydrograph.
14
Figure 5: The superposition of two rainfall events, both producing an effective precipitation of 1mm represented by a yellow 15 ball (first event) and a blue ball (second event, delayed by 4 time steps), and the resulting hydrograph (right). The left figure   16 illustrates the student seating and routing scheme applied in this experiment. 
18
One obvious factor to analyze is the form of the catchment and its impact on the dynamics of the hydrograph.
19
While such an analysis is given in many of the recent hydrology textbooks {e.g. \Baumgartner, 1996 #8160`, 
23
While the concept of the UH per-se does not require any linkage between the time delay of any runoff generated 24 in the catchment to a particular location (see section 1), the lecture theatre experiment is well suited to additionally 25 discuss any of the catchment properties that are related to the different forms of runoff processes in the catchment.
26
In the standard routing scheme as introduced in section 2, no effect of differences in topography is considered in 
7
(4) Actively participating in deriving the catchment rainfall-runoff relationship was fun, not only for the 8 students, but also for everybody involved in the course teaching.
9
To summarize our experience with the integration of such a lecture theatre experiment into the course: We believe 10 that overall a much deeper learning experience for the students could be achieved due to the visualization and 
16
The student seating, the spatial distribution of effective precipitation and the routing scheme are indicated on the left, the 17 hydrograph are illustrated on the right.
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